The purpose of this study was to determine the relationship between race pace on a 5 km walking performance and velocity at the lactate threshold (V-LT), V02 at the lactate threshold (V02-LT) , velocity at which blood lactate corresponded to 4 mM level (V-OBLA), V02 at which blood lactate corresponded to 4 mM level (V02-OBLA), walking economy (steady state V02 at a standard velocity) and maximal oxygen uptake (VO2max) in eight female race walkers.
Introduction
Numerous investigations have pointed out high correlations between distance running performance and blood lactate variables such as lactate threshold (LT) and/or onset of blood lactate accumulation (OBLA)1-6. Some data are available for physiological factors related to walking performance in male race walkers.
Hagberg and Coyle pointed out that the velocity at lactate threshold (V-LT) is the best predictive factor for performance in race walkers and that submaximal walking economy appeared to be related more closely to performance in race walking than in running'.
To date, no study of competitive female race walkers has been published.
The purpose of the present study was to evaluate the relationship between blood lactate variables, cardiovascular functions and race performance in female walkers.
Methods
Eight experienced female race walkers, including a 1987 World Cup Qualifier and a Japan record holder, served as subjects in the study. They gave informed consent to participate in the study. Their physical characteristics are listed in Table 1 .
Laboratory data were collected two weeks before the athletes competed in a 5 km road race, which was contested on a flat course, officially arranged and certified by the Japanese Association of Track and Field. Finish time was recorded for each athlete as 5 km walking performance and its mean velocity is defined as race pace on a 5 km walking performance and is used for further statistical anaylses.
To determine the lactate-related variables, walking economy and VO2max, a treadmill multi-progressive exercise test was performed. The test consisted of the initial walking velocity of 140m-min-' for 5 min, and thereafter the treadmill velocity was increased by 10m-min`every 5 min. After reaching V-OBLA (blood lactate concentration corresponding to 4 mM), treadmill velocity was increased until volitional exhaustion.
During the treadmill exercise test, the subjects breathed through a low resistance Rudolph valve #2700. The expired gas was collected into a Douglas bag during the final minute of each treadmill velocity. The collected gas was immediately assessed for volume of ventilation (VE) by a dry gas meter which had been calibrated. A portion of the collected gas was dried with CaCl2 and then analysed for 02 and CO2 concentrations by means of an oxygen analyser with a zirconium oxidase membrane and an infra-red carbon dioxide analyser (MG-360, Torey Engineering Ltd, Japan), respectively. These were calibrated against an air and a standard gas which had been calibrated by a micro-Sholander gas analyser.
Walking economy is defined as the steady state oxygen consumption for a standard treadmill velocity. In the present study, walking economy was determined from V02 at treadmill velocity of 170m-min-'.
To obtain the blood samples, a Teflon catheter was inserted into a dorsal hand vein. By using an electrical heating pad, arterialized-venous blood samples were taken at the time of 4.5th min of each stage of treadmill walking velocity7. Blood lactate (HLa) was determined by lactate analyser with enzymatic electrode method (HEK-30L, Toyobo, Japan) within 1 min immediately after each blood sampling. This analyser was calibrated against standard lactate solutions.
The lactate threshold (LT) is defined as the point at which blood HLa begins to increase above the resting level8. In other words, LT is the highest exercise intensity without any accumulation of lactate during the incremental exercise. Similarly, the walking velocity at LT (V-LT) is considered as the highest walking velocity without any accumulation of HLa in the blood. To identify the LT, a log-log transformation of lactatewalking velocity (or V02) relationship was used according to the procedure described by Beaver et al.'.
This transformation was also used to determine V-OBLA and V02-OBLA ( Figure 1 ).
The data for V-LT (mamin '), V02-LT(ml kg ' min '), V-OBLA(m min'), VO2-OBLA(ml-kg-.min'), walking economy (ml-kg-'-min-'), and VO2max (ml-kg-min ') were entered into a linear regression analysis (SAS STEPWISE). STEPWISE combines the best features of forward inclusion and backward elimination to determine the most important measures in predicting the dependent variable, which is race pace on a 5 km walking performance. The P < 0.05 level of significance was selected for all correlations.
Results Table 2 indicates selected descriptive data. In the present study, the subjects were fairly heterogeneous in terms of race walking performance; their mean velocity in 5 km walking ranged from 168.6-212.9 mcmin with 16.2 m-min' of SD.
The simple correlations of the descriptive parameters shown in Table 2 . These parameters as in-dependent variables with race pace on 5 km walking performance as dependent variable are illustrated in Table 3 provides data from a STEPWISE multiple regression analysis, using the race pace on a 5 km walking performance as dependent variable. Since simple correlation of V-OBLA is the highest with the race pace (r = 0.94, P < 0.001), it was selected as the first predictor. When VO2max was added to V-OBLA as the second predictor, the predictive accuracy increased significantly. However, multiple R did not increase significantly by adding variables of V-LT, walking economy or other parameters as independent variables. The combination of V-OBLA and VO2max as independent variables accounted for the greatest amount of total variance (97 per cent).
A STEPWISE regression procedure was applied for dependent variable of race pace on a 5 km walking performance. The 0.150 significance level has been set for data entry into the model. A multiple regression equation for predicting the race pace as a 5 km walking performance was formulated using partial regression coefficients as follows: Figure 3 indicates the relationship between the measured race pace for 5 km race walking and the predicted race pace by the multiple regression equation as mentioned above. The slope and intercept for the regression line did not differ significantly from the identity of line (Y = X).
Discussion
The major finding of this study was that blood lactate variables such as V-OBLA and V-LT explained a large portion of variance among the race pace on a 5 km walking performance. As expected, a simple correlation of V-OBLA with the race pace on a 5 km walking performance is the highest value (r = 0.94, P < 0.001) and the second one is V-LT (r = 0.85, P < 0.01). Such a high relationship between lactate variables and race pace on performance have been reported in male runners and race walkers'-6. In particular, the present result agrees with the data of Hagberg and Coyle who found a similar correlation between V-LT and a 20 km race walking pace in male walkers (r = 0.94; P < 0.005)3. The high relationship of blood lactate variables to performance in walkers suggests that success in race walking can be determined by performance at the highest walking velocity attained without accumulation of blood lactate. This is partly explained on the basis that endurance training results in decreased muscle lactate and blood lactate levels during submaximal exercise"'.
The correlation between VO2max and the race pace on a 5 km walking performance in the present study was moderately significant (r = 0.74; P < 0.05) compared with the correlations between blood lactate variables and performance. This relationship obtained in the present study coincided with the data of Hagberg and Coyle who described the moderate correlation (r = 0.62, P > 0.05) in male race walkers3. In the literatures it is documented that endurance performance is more highly correlated with lactate variables than V02max". This might be explained partially on the basis that the muscle respiratory capacity is correlated with blood lactate variables such as LT and/or OBLA more strongly than with VO2max. It is suggested that VO2max would not solely be a determinant parameter and that other variables would also contribute to race walking success.
It is interesting to note that the correlation between walking economy and race pace on a 5 km walking performance was not significant, although r-value was -0.64. The present result is in contrast to the data of Hagberg and Coyle who reported that walking economy was significantly related to the 20 km race pace in male walkers (r = -0).89; P < 0.001)3. It is documented that the submaximal running economy is Predicted race pace (m.min 1) Figure 3 . The relationship between actual performed race pace on a 5 km walking performance and the predicted race pace by multiple regression equation related closely to performance with homogeneous runner in performance, but the correlation is relatively lower when the subjects are heterogeneous in perform-ance3"". Since the present subjects were fairly heterogeneous in terms of race walking performance (Table 1) , this would be the case. Furthermore, the decrement of VO2 at standardized treadmill walking must indicate a lowered biochemical energy production. Since a simple correlation between V-OBLA and performance in race walking accounts for a large portion (R2 = 88.6 per cent) of common variance, and the second contributor is V-LT (R2 = 72.8 per cent), these facts suggest that blood lactate variables must contribute to race walking success. Applying stepwise multiple linear regression analysis, it should be pointed out that the combination of V-OBLA and VO2max as independent variables accounts for the greatest amounts of total variance (97 per cent). Unfortunately, multiple R did not increase significantly by adding variables of V-LT as independent variance, although V-LT is the second contributor. Probably due to the similarity of physiological meaning for V-LT and V-OBLA16, the contribution of V-LT would be rejected to predict the performance by the STEPWISE procedure.
In summary, the walking performance could be better accounted mainly for V-OBLA and when the determinants of V-OBLA and VO2max are combined as independent variables the performance was accounted for the greatest amounts of total variance (97 per cent).
